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Abstract
With the direct detection of gravitational waves by advanced LIGO detector, a new “window” to quantum
gravity phenomenology has been opened. At present, these detectors achieve the sensitivity to detect the
length variation (δL), O ≈ 10−17 − 10−21 meter. Recently a more stringent upperbound on the dimensionless
parameter β0 , bearing the effect of generalized uncertainty principle has been given which corresponds to the
intermediate length scale lim =
√
β0lpl ∼ 10−23m . Hence the flavour of the generalized uncertainty principle
can be realised by observing the response of the vibrations of phonon modes in such resonant detectors in
the near future. In this paper, therefore, we calculate the resonant frequencies and transition rates induced
by the incoming gravitational waves on these detectors in the generalized uncertainty principle framework.
It is observed that the effects of the generalized uncertainty principle bears it’s signature in both the time
independent and dependent part of the gravitational wave-harmonic oscillator Hamiltonian.
1 Introduction
Quantum mechanics and general relativity are two revolutionary theories which give the present description of
the fundamental laws of nature. It is also realised that for an understanding of the universe near the Planck
epoch, a suitable quantum theory of gravity is needed. String theory [1, 2] and loop quantum gravity [3, 4] are
frameworks that try to put forward a quantum theory of gravity. In the last few decades there has been extensive
studies in these areas to build up a theory of quantum gravity (QG), and all these studies imply the existence
of an observer independent minimum length scale, namely, the Planck length lpl ≈ 10−33cm . This fundamental
hypothesis about the existence of the Planck length leads to a modification of the Heisenberg uncertainty principle
(HUP) to the generalized uncertainty principle (GUP). This strong indication of the existence of the GUP from
the different realms of QG theory motivates us to investigate different aspects in theoretical physics like black hole
thermodynamics [5]-[9], quantum gravity corrections in various quantum systems such as particle in a box, Landau
levels, simple harmonic oscillator [10, 11], path integral representation of a particle moving under a potential in
the GUP framework [12] and so on. Various thought experiments leads to the following simplest form of the GUP
[13]
∆qi∆pi ≥ ~
2
[
1 + β(∆p2 + 〈p〉2) + 2β(∆p2i+ < pi >2)
]
; i = 1, 2, 3 (1)
where p2 = Σ3j=1pjpj and qj , pj are the position and it’s conjugate momenta. The dimension of the GUP
parameter β defined as β = β0(Mplc)2 =
l2pl
2~2 is (momentum)
−2 , where Mpl is the Planck mass. The order of
the dimensionless parameter β0 plays a crucial role for realizing the effect of the GUP. A precise upperbound on
β0 < 10
21 has been predicted in [10]. The fact that the testing of the GUP is extremely challenging initiates the
proposal of a realistic experimental set up to test the GUP.
A new window in exploring high energy has been opened with the direct detection of the gravitational waves (GWs)
by the advanced LIGO detector. The idea of observing GWs was sowed by J. Weber with the introduction of
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2resonant bar detector [14, 15] in 1960’s. After the birth of GW detectors, a huge effort has been spent in increasing
it’s sensitivity as much as possible. At present the large sensitivity of these detectors may allow us to probe the
effects of QG. In the present day bar detectors [16], it is possible to detect the variations ∆L of the bar-length
L ∼ 1m, with ∆LL ∼ 10−19 . A lot of work has been carried out to probe the footprints of noncommutativity
[17]-[22] in these detectors.
Motivated by the above discussion, in this paper we present the quantum mechanical effects of the GW detectors
in the GUP framework. In resonant detectors incoming GW interacts with elastic matter. This interaction
causes tiny vibrations called phonons. The amplitudes of phonons are many order smaller than the nuclear size.
These vibrations are described as the quantum mechanical forced harmonic oscillator (HO). Hence the physical
description of these detectors is nothing but a quantum mechanical forced GW-HO system. Therefore, in this paper
we construct the Hamiltonian of the above system using the GUP algebra (1). We treat the effects of GW and the
GUP as perturbation on the HO-system and calculate the formal perturbative solutions of that system. First we
apply the time independent perturbation bearing the effects of only the GUP and get the perturbed eigenstates
of the 1-dimensional HO with the new perturbed energy eigenvalues. After that we calculate the time dependent
perturbation to calculate the transitions between the states of the HO caused by the GWs containing the GUP
signature. The results show that the resonant frequencies get modified by the GUP parameter. The number of
transitions and their amplitudes also reveal the presence of the GUP. Therefore, this mathematical construction
of the GW-HO system in presence of the GUP shows that it can serve as a good candidate of realising the GUP
effect in GW detection data.
The organization of the paper is as follows. In section 2, we briefly outline how the HO-GW interaction can
be modelled in presence of the GUP and obtain the relevant Hamiltonian. The complete perturbative calculation
to obtain the working formula for the transition probabilities among the shifted energy levels for a generic GW
waveform is presented in section 3. In section 4 we use the various GW waveforms to calculate the corresponding
transition probabilities and discuss the possibilities of detecting the GUP signature. We conclude in section 6.
2 The GUP GW-HO interaction model
The GW interacts with elastic matter in the plane (considered here as the x − y plane) perpendicular to the
propagating vector of the GW (taken in z -direction). Hence the interaction of GW with matter can be described as
a 2−dimensional HO-GW interaction. Therefore, first we take the geodesic deviation equation for a 2−dimensional
HO of mass m and intrinsic frequency ̟ in a proper detector frame as
mq¨j = −mRj0,k0qk −m̟2qj ; j = 1, 2 (2)
in terms of the components of the curvature tensor Rj0,k0 = − dΓ
j
0k
dt = −h¨jk/2 1. Here metric perturbation hµν
takes the form
gµν = ηµν + hµν ; |hµν | << 1 (3)
on the flat Minkowski background ηµν . Before proceeding further lets discuss about the validity and gauge
conditions applied in eq.(2). This equation is valid only when the spatial velocities involved are non-relativistic
and |qj | is much smaller than the reduced wavelength λ2π of the GW. These conditions are obeyed by the resonant
bar detectors and earth bound interferometric detectors. It is to be noted that the transverse-traceless (TT) gauge
conditions are applied to remove the unphysical degrees of freedom. Hence only two relevant components, namely
the × and + polarizations of the GW arises in the curvature tensor Rj0,k0 = −h¨jk/2. This condition actually
makes the spatial part of the GW to be unity ( ei
~k.~x ≈ 1) all over the detector site in case of the plane-wave
expansion of GW. Thus, the GW interaction give rise to a time-dependent piece in eq.(2). Now hjk containing
the polarization information reads
hjk (t) = 2f
(
ε×σ1jk + ε+σ
3
jk
)
(4)
where σ1 and σ3 are the Pauli spin matrices, 2f is the amplitude of the GW and (ε×, ε+) are the two possible
polarization states of the GW satisfying the condition ε2× + ε
2
+ = 1 for all t . The frequency Ω is contained in
the time dependent amplitude 2f(t) for linearly polarized GW, whereas the time dependent polarization states
(ε× (t) , ε+ (t)) contains the frequency Ω for the circularly polarized GW.
1 The dot denotes derivative with respect to the coordinate time of the proper detector frame. It is the same as it’s proper time to
first order in the metric perturbation and qj is the proper distance of the pendulum from the origin.
3Now the classical Lagrangian describing the geodesic eq.(2) upto a total derivative can be recast as
L = 1
2
m (q˙j)
2 −mΓj0k q˙jqk − 1
2
m̟2 (qj)
2
. (5)
Using the canonical momentum pj = mq˙j −mΓj0kqk corresponding to qj , the Hamiltonian of the GW-HO system
reads
H =
1
2m
(
pj +mΓ
j
0kq
k
)2
+
1
2
m̟2q2j . (6)
With this background in place, to probe the GUP we have to do the quantum mechanical description of the same
with the GUP modified Heisenberg algebra. Therefore we follow the standard prescription of quantum mechanics
by lifting the phase-space variables
(
qj , pj
)
to operators
(
qˆj , pˆj
)
in the GUP framework. Now the inequality (1)
is equivalent to the following modified Heisenberg algebra [13]
[qˆi, pˆj] = i~(δij + βδij pˆ
2 + 2βpˆipˆj) . (7)
Note that the Jacobi identity [qˆi, qˆj ] = 0 = [pˆi, pˆj] ensures the above commutation relation. Next we can define
the position and momentum operators upto first order in β obeying eq.(7) as
qˆi = q0i , pˆi = p0i(1 + βp
2
0) (8)
where q0i, p0j satisfy the usual canonical commutation relations [q0i, p0j] = i~δij . Using this map, the Hamiltonian
(6) describing the GW-HO system in presence of the GUP up to first order in β can be recast as
H =
p20j
2m
+
β
m
p20jp
2
0n +
1
2
Γj0l
(
p0jq
l
0 + q
l
0poj
)
+
β
2
Γj0l
(
p0jponp0nq
l
0 + q
l
0p0jponpon
)
+
1
2
mω2q2oj +O(β2) . (9)
In the subsequent discussion, we shall consider the resonant bar detectors as a 1-dimensional2 system [23]. Hence
we analyze the dynamics of a 1-dimensional HO in presence of the GUP interacting with the GW. For notational
simplicity we use pˆ0j ≡ p and qˆ0j ≡ q . Therefore, the Hamiltonian describing the same in 1-dimension up to first
order in β reads
H =
p2
2m
+
β
m
p4 +
1
2
Γ101 (pq + qp) +
β
2
Γ101
(
p3q + qp3
)
+
1
2
mω2q2 . (10)
After using the commutation relation [q, p] = i~ , the above Hamiltonian takes the form
H =
(
p2
2m
+
1
2
mω2q2
)
+
β
m
p4 + Γ101
(
pq +
i~
2
)
+ Γ101β
(
p3q +
3i~
2
p2
)
. (11)
Now we can break the Hamiltonian (11) as
H = H0 +H1 +H2 (12)
where
H0 =
p2
2m
+
1
2
mω2q2
H1 =
β
m
p4
H2 = Γ
1
01
(
pq +
i~
2
)
+ Γ101β
(
p3q +
3i~
2
p2
)
. (13)
Here H0 stands for the Hamiltonian of ordinary HO while H1 and H2 are the time independent and time
dependent part of the Hamiltonian respectively. It is to be noted that H1 and H2 are small compared to H0 .
Here H1 arises from the kinetic part of the particle due to the presence of the GUP. Thus H1 does not contain
explicit time dependence and according to quantum mechanics time independent perturbation makes shift in the
energy eigenvalues with new perturbed eigenstates. On the other hand the first bracketed term in H2 shows the
pure GW effect and the second one contains the effect of both GUP and GW. Now transition between the states
2 A typical bar is a cylinder of length L ≡ 3 m and radius R ≡ 30 cm, so in a first approximation we can treat its vibrations as
1-dimensional.
4of the HO occurs due to the time dependent part of the perturbed Hamiltonian. In this paper we calculate the
transition rates due to H2 , containing the effects of both the GUP and GW between the perturbed states.
To do this we define the momentum and the position operators in terms of the raising and lowering operators as
p = −i
(
~mω
2
) 1
2 (
a− a†)
q =
(
~
2mω
) 1
2 (
a+ a†
)
. (14)
Using these, the Hamiltonian in eq.(13) can be recast as
H0 = ~ω
(
a†a+
1
2
)
H1 =
β
m
(
~mω
2
)2 [
aaaa− aaaa† − aaa†a+ aaa†a† − aa†aa+ aa†aa† + aa†a†a− aa†a†a†
−a†aaa+ a†aaa† + a†aa†a− a†aa†a† + a†a†aa− a†a†aa† − a†a†a†a+ a†a†a†a†]
H2 = ~h˙11
[
−1
2
(
aa+ aa† − a†a− a†a†)+ β~mω
4
(
aaaa+ aaaa† − aaa†a− aaa†a† − aa†aa− aa†aa† + aa†a†a
+aa†a†a† − a†aaa− a†aaa† + a†aa†a+ a†aa†a† + a†a†aa+ a†a†aa† − a†a†a†a− a†a†a†a†)
−3β~mω
4
(
aa− aa† − a†a+ a†a†)+ 1
2
]
. (15)
We shall make use of these relations in the next section to obtain the perturbative energy levels and then find the
transition probabilities between them.
3 Perturbed energy levels and transitions
In this section we proceed to calculate the perturbed eigenstates due to time independent Hamiltonian H1 . Using
time independent perturbation theory, the perturbed eigenstates read
|0〉β = |0〉+ ∆
8
[
6
√
2 |2〉 −
√
6 |4〉
]
|2〉β = |2〉+ ∆
8
[
−6
√
2 |0〉+ 28
√
3 |4〉 − 3
√
10 |6〉
]
|4〉β = |4〉+ ∆
8
[√
6 |0〉 − 28
√
3 |2〉+ 22
√
30 |6〉 − 2
√
105 |8〉
]
(16)
with the corresponding energies
Eβ0 =
(
1
2
+
3
4
∆
)
~ω
Eβ2 =
(
5
2
+
39
4
∆
)
~ω
Eβ4 =
(
9
2
+
123
4
∆
)
~ω . (17)
Here ∆ = β~mω is the dimensionless parameter showing the GUP effect.
With the modified states due to the GUP in place, we are now ready to investigate the transitions between the
various states of the HO due to the incoming GWs.
Now to the lowest order of approximation in time dependent perturbation theory, the probability amplitude of
transition from an initial state |i〉 to a final state |f〉 , (i 6= f ), due to a perturbation Vˆ (t) is given by [24]
Ci→f (t→∞) = − i
~
∫ t→+∞
−∞
dt′F (t′) e
i
~
(Ef−Ei)t′〈Ψf |Qˆ|Ψi〉 (18)
5where Hˆ2(t) = F (t)Qˆ with F (t) = h˙11 , and Qˆ is given by
Qˆ = ~
[
−1
2
(
aa+ aa† − a†a− a†a†)+ β~mω
4
(
aaaa+ aaaa† − aaa†a− aaa†a† − aa†aa− aa†aa† + aa†a†a
+aa†a†a† − a†aaa− a†aaa† + a†aa†a+ a†aa†a† + a†a†aa+ a†a†aa† − a†a†a†a− a†a†a†a†)
−3β~mω
4
(
aa− aa† − a†a+ a†a†)+ 1
2
]
. (19)
Note that for an ordinary HO only |0〉 → |2〉 transition will occur. But due to the presence of the GUP, we get
another transition |0〉β → |4〉β in addition to the previous one (|0〉β → |2〉β) with different amplitudes.
In this work, two transitions namely; 0β → 2β and 0β → 4β have been observed. Therefore, using eq.(19) in
eq.(18), we find the transition amplitudes to be
C0β→2β = A
∫ t→+∞
−∞
dt′ h˙11 ei(2+9∆)ωt
′
C0β→4β = B
∫ t→+∞
−∞
dt′ h˙11 ei(4+30∆)ωt
′
(20)
where A =
(
1√
2
+ 9
4
√
2
∆
)
and B = − 3
√
6
2 ∆ are dimensionless constants. In the limit β → 0, we get the transitions
for ordinary HO in 1-dimension interacting with GWs.
Eq.(20) is one of the main findings in this paper. These transition amplitudes show that the presence of the GUP
can be realized by measuring the corresponding transition probabilities from the relation
Pi→f = |Ci→f |2. (21)
In the next section, we shall calculate the transition amplitudes for different types of incoming GWs.
4 Transition probabilities for different types of GW templates
We now look at different GW templates. In reality, the actual form of the GW signals are very complicated. Hence
we start with some simple forms of GW templates generated from different astronomical events.
4.1 Periodic linearly polarized GW
First we consider the simple type of periodic GW with linear polarization. This has the form
hjk (t) = 2f0 cosΩt
(
ε×σ1jk + ε+σ
3
jk
)
(22)
where the amplitude varies sinusoidally with a single frequency Ω. In this case, we get the transition probabilities
to be
P0β→2β = (2πf0ΩAǫ+)
2 × [δ (ω (2 + 9∆) + Ω)− δ (ω (2 + 9∆)− Ω)]2
P0β→4β = (2πf0ΩBǫ+)
2 × [δ (ω (4 + 30∆) + Ω)− δ (ω (4 + 30∆)− Ω)]2 . (23)
The frequency ω of the resonant bar must lie in the physical range (0 < ω <∞). Hence eq.(23) takes the form
P0β→2β = (2πf0ΩAǫ+)
2 × [δ (ω (2 + 9∆)− Ω) δ(0)]
P0β→4β = (2πf0ΩBǫ+)
2 × [δ (ω (4 + 30∆)− Ω) δ(0)] . (24)
In a real experimental set up the observation time is finite. So we can regularize the Dirac delta function as
δ(ω) =
[∫ T
2
−T
2
dt eiωt
]
= T . Therefore, the transition rates become
lim
T→∞
1
T
P0β→2β = (2πf0ΩAǫ+)
2 × [δ (ω (2 + 9∆)− Ω)] (25)
lim
T→∞
1
T
P0β→4β = (2πf0ΩBǫ+)
2 × [δ (ω (4 + 30∆)− Ω)] . (26)
Now we can analyze the above results. Firstly, the transition rates (25) and (26) show that the detector resonantes
with the GW at frequencies Ω = ω (2 + 9∆) and Ω = ω (4 + 30∆) respectively due to the presence of the Dirac
6delta functions which make the transition rates non-zero only around those frequencies. Notice that the resonant
frequencies for transitions from the ground state to the excited states get modified by the GUP parameter β .
Secondly, here we get two transitions instead of one. The transition from the ground state to the second excited
state at Ω = 2ω is already there in the standard HUP framework. Interestingly, the transitions from the ground
state to the higher excited states (that is excited states higher than the second excited state) are only due to the
presence of the GUP. Further, from the expressions of A and B , it is clear that terms both linear and quadratic
in the dimensionless GUP parameter ∆ will appear in the transition P0β→2β . It is a good feature for detecting
the presence of the GUP as linear dependence in ∆ is easier to observe. The transition P0β→4β shows that
terms quadratic in ∆ are important. Also the expression for the transition amplitudes show that the transition
probability P0β→2β has greater magnitude than P0β→4β .
The above discussion indicates that these results can help to probe the presence of the GUP in the resonant
detectors of GW.
4.2 Periodic circularly polarized GW
Now we move on to another template of GW. The periodic GW signal with circular polarization can be conveniently
expressed as
hjk (t) = 2f0
[
ε× (t)σ1jk + ε+ (t)σ
3
jk
]
(27)
with ε+ (t) = cosΩt and ε× (t) = sinΩt , Ω being the frequency of the GW. Here also we shall impose the physical
restriction on the frequency and the condition of finite observational time. Following the same mathematical
procedure applied in case of the linearly polarized GWs, we can easily find out the transition rates for the GW
template (27) to be
lim
T→∞
1
T
P0β→2β = (2πf0ΩA)
2 × δ (ω(2 + 9∆)− Ω)
lim
T→∞
1
T
P0β→4β = (2πf0ΩB)
2 × δ (ω(4 + 30∆)− Ω) . (28)
The above results show that the findings for the linearly polarized GWs also hold in case of the circularly polarized
GW signals as well. Therefore, we can say that the circularly polarized GW signals are also good candidates to
probe the presence of the GUP in the resonant GW detectors.
4.3 Aperiodic linearly polarized GW: GW Burst
The in-spiral neutron stars or black hole binaries generally gives rise to GWs with aperiodic signals. These
astrophysical objects emit GW signals with huge amount of energy at the time of their merging or final ring-
down. The duration of these signals are very small 10−3 sec< τg < 1 sec. Such natural phenomena are commonly
referred as bursts. In this discussion, we shall take approximated models of such violent and explosive astrophysical
phenomena as follows
hjk (t) = 2f0g (t)
(
ε×σ1jk + ε+σ
3
jk
)
. (29)
The above GW template contains both components of linear polarization. The smooth function g (t) needs to go
to zero rather fast for |t| > τg . Let us take a Gaussian form for the function g(t)
g (t) = e−t
2/τ2g . (30)
Note that τg ∼ 1fmax , where fmax is the maximum value of a broad range of continuum spectrum of frequency.
The GW burst contains a wide range of frequencies due to its small temporal duration [17]. Now the Fourier
decomposed modes of the GW burst can be written as
hjk (t) =
f0
π
(
ε×σ1jk + ε+σ
3
jk
) ∫ +∞
−∞
g˜ (Ω) e−iΩtdΩ (31)
where g˜ (Ω) =
√
πτge
−
(
Ωτg
2
)2
is the amplitude of the Fourier mode at frequency Ω. Now we can immediately find
out the transition amplitudes using the template (31) in the general expression for the transition amplitudes (20).
This yields
C0β→2β = −2if0ε+A (2ω + 9ω∆) g˜(2ω + 9ω∆)
C0β→4β = −2if0ε+B (4ω + 30ω∆) g˜(4ω + 30ω∆). (32)
7The expression of g˜ (Ω) leads to the following forms for the transition rates
P0β→2β =
(
2
√
πf0ǫ+Aτg (2ω + 9ω∆)
)2
e−2{ 2ω+9ω∆2 τg}
2
P0β→4β =
(
2
√
πf0ǫ+Bτg (4ω + 30ω∆)
)2
e−2{ 4ω+30ω∆2 τg}
2
. (33)
Before we end our discussion, we consider a more realistic GW waveform with modulated Gaussian function g(t)
as
g (t) = e−t
2/τ2g sinΩ0t . (34)
This represents a more realistic model of the GW burst signal. The Fourier transform of this function reads
g˜ (Ω) = 2π
∫ +∞
−∞
g(t)eiΩtdΩ =
i
√
πτg
2
[
e−(Ω−Ω0)
2τ2g/4 − e−(Ω+Ω0)2τ2g/4
]
. (35)
Using this, we get the transition probabilities to be
P0β→2β =
[
e−(2ω+9ω∆−Ω0)
2τ2g/4 − e−(2ω+9ω∆+Ω0)2τ2g/4
]2
× {f0ǫ+A√πτg (2ω + 9ω∆)}2
P0β→4β =
[
e−(4ω+30ω∆−Ω0)
2τ2g/4 − e−(4ω+30ω∆+Ω0)2τ2g/4
]2
× {f0ǫ+B√πτg (4ω + 30ω∆)}2 . (36)
The above relations show that the two exponential terms in the transition amplitudes are almost equal and hence
cancel each other in the sub-Hz bandpass region. But for the conditions 2ω+9ω∆−Ω0ω ,
4ω+30ω∆−Ω0
ω << 1, the
second term will be negligible with respect to the first one. Hence the transition rates simplify to
P0β→2β ≈ e−(2ω+9ω∆−Ω0)
2τ2g/2 × {f0ǫ+A√πτg (2ω + 9ω∆)}2
P0β→4β ≈ e−(4ω+30ω∆−Ω0)
2τ2g/2 × {f0ǫ+B√πτg (4ω + 30ω∆)}2 . (37)
Eq.(37) is consistent with all the observations made for the periodic GW with linear polarizaton. The whole
exercise reveal that there can be transitions between the states of the GW-HO system induced by the presence of
the GUP correction in the Hamiltonian of the system. Such transitions do not take place in the HUP framework
and owes it’s origin to the GUP. Therefore, these results indicate a new window to probe the presence of quantum
gravity effects.
5 Conclusion
We now summarize our findings. Our analysis in this paper reveal that gravitational wave data from the resonant
bar detectors may allow us to detect the existence of the generalized uncertainty principle. The quantum mechan-
ical description of the gravitational wave-harmonic oscillator system in presence of the generalized uncertainty
principle shows noticeable changes in the resonant frequencies and transitions of the detectors. We now point out
our findings. Firstly, the non-degenerate states of the 1-dimensional harmonic oscillator get shifted with modified
energy eigenvalues due to the presence of the generalized uncertainty principle. The perturbative treatment of the
time independent Hamiltonian bears the signature of the generalized uncertainty principle. Then the incoming
gravitational waves make transitions between the states of the generalized uncertainty principle modified states.
Eventually one finds observable effects of the generalized uncertainty principle in the transition rates of the detec-
tor from the ground state to the excited states. From the exact forms of the transition rates we have made the
following observations.
• The resonant frequencies Ω = ω(2 + 9∆) and Ω = ω(4 + 30∆) at which the resonant detector responds to
the incoming gravitational waves get modified by the generalized uncertainty principle parameter β . We
hope that these shifts in the resonant frequencies will be detectable in these detectors in the recent future if
generalized uncertainty principle exists. This observation is quite similar with that of the noncommutative
structure of space [21], [22].
• In the presence of generalized uncertainty principle, we find that there are more than one transitions possible
from the ground state to the excited states. Incoming gravitational wave makes only one transition from
the ground state to the second excited state in the standard Heisenberg uncertainty principle framework
at Ω = 2ω . But in the framework of the generalized uncertainty principle, both the time independent as
well as the time dependent part of the Hamiltonian bears it’s signature. The time dependent part of the
Hamiltonian allows transitions from the ground state to the higher excited states (higher than the second
excited state).
8• Both the linear as well as the quadratic terms in the dimensionless generalized uncertainty principle parameter
∆. The linear dependence in ∆ is easier to detect. Though the transition P0β→4β contains terms quadratic
in ∆, it may serve to be a promising candidate to realize the existence of generalized uncertainty principle.
It is also to be noted that P0β→2β has greater magnitude than P0β→4β .
• Our analysis show that both linear and circularly polarized gravitational waves are the good candidates to
probe the presence of the generalized uncertainty principle in the resonant detectors. This observation is
valid for both the periodic and aperiodic signals as well.
The observations made in this paper reveal that resonant detectors may allow in the near future to detect the
existence of an underlying generalized uncertainty principle framework. Moreover in the recent literature [12], a
mathematical connection between the generalized uncertainty principle and the spatial noncommutative structure
of space has been shown. Our analysis also indicates a similarity between the findings in these two frameworks.
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